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Dear Dr. Smedje:

I am an epidemiologist with the U.S. Environmental Protection Agency, and I am preparing a summary of
the relevant studies pertaining to formaldehyde exposure and allergic response/asthma as part of a
health assessment we are conducting for this chemical.

I have reviewed your 1997 and 2001 papers on the asthma/allergy incidence study you conducted using
measurements taken in schools (see attached pdfs), and had some questions I was hoping you could
help me with.

The baseline study (1997 paper) used the 1993 formaldehyde measurements, and the incidence study
used the 1993 and 1995 measurement. In the 1993 data, about 2/3 of the measures were less than the
detection limit, and the total range was relatively small (< 5 to 10 g/m3). In the 2001 paper, it also looks
like a large proportion of the combined formaldehyde measures were less than the detection limit
(geometric mean = 4 g/m’), but there is a wider range of exposures (up to 72 g/m’).
1) Can you tell me what proportion in the 2001 paper was less than the detection limit, and
how these were treated in the analysis (i.e., were they dropped as “missing” values, or were they
set as a value of V2 the detection limit, or some other value)? Can you tell me anything more
about the distribution of values that were above the detection limit (i.e., what is the mean and
median among those that were greater than the LOD)?
2) Iam trying to get a better sense of how the distribution of exposure could be affecting the
linear regression analysis you conducted. Is it possible to look at a 3-level variable (e.g., <
detection limit, 5 — 35 (or whatever the median is among those that are above the LOD, and 35 -
72) to get a sense of risk at the lower levels of exposure?

I appreciate any assistance you can provide about these questions (but I certainly understand the
difficulties in going back to data sets completed so many years ago).

B B

Sincerely,

Glinda Cooper

Glinda S. Cooper, PhD
Senior Epidemiologist

phone: 703-347-8636
fax: 703-347-8689
email: cooper.glinda@epa.gov
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Incidence of asthma diagnosis and self-reported allergy
in relation to the school environment—a four-year
follow-up study in schoolchildren

G. Smedje, D. Norbick

Department of Medical Sciences/Occupational and Environmental Medicine, Uppsala University, Uppsala, Sweden

SUMMARY

SETTING: In schools, the indoor air quality is often poor
and there is growing concern abour its impact on the
pupils’ health.

oBJECTIVE: To study the incidence of asthma diagnosis
and self-reported allergy in schoolchildren in relation to
the school environment.

DESIGN: Data on asthma and allergies were collected
through a postal questionnaire answered in 1993 and
1997 by 1347 {78% ) pupils (initially aged 7-13 years) in
39 randomly chosen schools. Indoor pollutants were
measured in about 100 classrooms in 1993 and 1995.
“Relationships between indoor pollutants and incidence
of asthma diagnosis and self-reported allergy were studied
by multiple logistic regression, adjusting for age, sex,
atopy and smoking.

RESULTS: The incidence of asthma diagnosis was
higher in pupils attending schools with more settled dust
and more cat allergen {Fel d 1) in this dust. Incidence of
self-reporied furry pet allergy was higher in schools with
more respirable particles. Among children without a his-
tory of atopy, a new asthma diagnosis was more com-
mon at higher concentrations of fermaldehyde and total
moulds in the classroom air.

CONCLUSION: A school environment with more dust,
cat allergen, formaldehyde and moulds may affect the
incidence of asthma and sensitivity to furry pets in
schoolchildren.

KEY WORDS: cart allergen; dust; formaldehyde; moulds

DURING RECENT DECADES, the prevalence of
asthma and allergies has increased in Sweden, as in
many other industrialised countries. The main under-
lying reasons for this increase are still not known, bur
it has been suggested that poor indoor air quality and
indoor allergens may cause symptoms in sensitised
subjects, and a new onset of sensitisation.! In school-
children, asthma is often related to immediace type al-
lerpy against furry pets, pollens or house dust mires. '
The role of other factors in the indoor environment
with respect to the risk for development of allergy or
asthma is unclear Apart from the home, school is the
most important indoor environment for children.
Earlier studies have shown deficiencies in the school
environment, including poor ventilation,® and the
concentration of dust, micro-organisms and pet dan-
der is relatively high *6 Significant amounts of petal-
lergen are known to be transported ro school on pupils’
clothing,”® and children in classes with many cat
owners reported decreased peak expiratory flow, more
asthma symptoms and increased use of medications on
rerurning to school after the summer holidays ?

In an earlier cross-sectional study, we found that

asthma symptoms in secondary school pupils were
more common in schools with higher concentrations
of formaldehyde or other volatile organic compounds
{VOC(), viable moulds or bacteria in the air, or more
cat allergen in settled dust !0 To gain further insight
into the health effects of the school environment, we
carried out a 4-year follow-up study in pupils. The
aims were 1o determine whether the incidence of
asthma diagnosis and self-reported allerpy was re-
Jated to measured pollutants in the school environ-
ment. As & working hypothesis it was assumed that
asthma incidence and reports of allergy should be
more common in pupils artending schools with a
higher concentration of formaldehyde, VOC, respira-
ble particulates, mould and bacteria in ¢lassroom air,
and with more settled dust in which there are more
cat, dog and mite allergens,

MATERIAL AND METHODS

Fopulation
In Sweden school is compulsory for the first 9 years
{known as forms 19}, and the vast majority of Swed-
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ish children artend public (non-private) schools. In
1992, 40 such schools were randomly selected in the
county of Uppsala in mid Sweden. The principals
were asked if they wished their school to participate,
and 39 agreed. One first form and one fourth form
class were randomly chosen at each primary school
As the number of secondary schools was smaller,
three seventh form classes were randomly chosen at
each school, except for one school where there were
only two classes in this form. In total, 615 first form
pupils (aged approximately 7 years), 657 fourth form
pupils {aged approximately 10 years) and 762 seventh
form pupils {(aged approximarely 13 years), 2034 pupils
in total, were invited to participate in the seudy.

Assessment of diseases, symptoms
and personal factors

A self-administered questionnaire was mailed to the
home addresses of the pupils selected in January-
February 1993. Four years later, in January—February
1997, the questionnaire was sent again to those who
had answered in 1993. In the case of secondary
school pupils the questionnaire was sent in the name
of the pupil, but for pupils aged vnder 13 it was
matiled to the parents.

The guestionnaire requested information on dis-
eases, current symptosms and the home environment.
It contained a question on whether the pupil had ever
had asthma, with the alternative answers ‘yes” and
‘no’, followed by ‘If yes, was the diagnosis made by a
physician?', again with the alternative answers ‘yes’
and ‘no’ Subjects answering ‘yes' to both these gues-
tions were regarded as having physician-diagnosed
asthma. Those who did not have such a diagnosis at
the first study, but did ar the follow-up study, were re-
garded as incident cases. There were also six ques-
tions about lower respiratory symptroms, based on the
guestionnaire used in the European Community Res-
piratory Health Survey.!! The questionnaire also con-
tained one question asking about hay fever/pollen al-
lergy and one¢ asking abour allergy rowards pet dander
Subjects answering ‘no’ in 1993, bur ‘yes’ at the
follow-up were regarded as incident cases of self-
reported pollen or per allergy, respectively. There was
also one question asking if the pupil had had cczema
as a small child. Subjects answering ‘yes’ in 1993 to at
least one of the three questions on childhood eczema,
allergy to pollens and pet dander were classified as
having a history of atopy in 1993. The questionnaire
also conrained questions on smoking habirs, the
family, and the domestic environment. Questions
on the domestic environment concerned present pet
ownership, environmensal tobacco smoke, building
dampness, textile flooring, recent indoor painting
and type of building (detached house or block of
apartments).

The study was approved by the Ethics Committee
of the Medical Faculty of Uppsala University.

Assessment of pollutants

After the questionnaires had been returned in 1993,
measurements of pollutants were performed in the
schools during the period March-May. Such mea-
surements were performed again during January-
March 1995. For economic reasons we had to limit
the number of measurements to classrooms used for
theoretical lessons (as opposed to subjects such as
athlerics, woodwork and cooking), which represent
the main sites of exposure at school, In each school
two to five classrooms were chosen, depending on the
size of the school. In primary schools, the home class-
room of the classes that had received the question-
naire was chosen. In secondary schools pupils are
taught in different classrooms depending on the sub-
ject, and we chose classrooms thar were frequently
used by these classes, and ensured that the different
school buildings were represented. In 1993 a toral of
98 classrooms were investigated, and in 1995 a total
of 101

Occupational hygienists experienced in building
related problems and indoor air quality inspected the
buildings and noted details of the construction and
equipment. In 1993 and 1995, we measured the con-
centrations of respirable particulates, formaldehyde,
VOC, monids and bacteria in each classroom, and the
mean of the values obtained in 1993 and 1995 was
calculated for the different pollutants. All airborne
pollutants were measured during normal schooldays
and lessons.

Respirable particulates were measured by a direct
reading instrument {Sibata P-SH2, Sibata Scientific
Technolopy Ltd., Tokyo, Japan}, calibrated with par-
ticulates with a cumulative median diameter of 0.3
uwm. For practical reasons, respirable particulares
were measured twice in each classroom during the
same day as the average value during the last 15 min-
utes of the lesson, and the mean of the two measure-
ments was calculated. The last 15 minutes were cho-
sen to allow the conditions to stabilise after a possible
airing out during breaks.

Formaldehyde was measured with glass fibre filters
impregnated with 2 .4-dinitro-phenylhydrazine, with
sampling for 4 hours at a rate of 0.2 Vmin, The filters
were analysed by liquid chromatography. Other VOC
were sampled on beaded charcoal sorbent tubes
{Anasorb 747, SKC Inc., Fighty Four, PA, USA), with
the same sampling rate and time as for formaldehyde.
The charcoal tubes were desorbed with 1 ml of carbon
disulphide, and analysed by gas chromatography and
flame ionisation detection, and the total concentration
of compounds between Cg and Cy; was calculared.

Airborne micro-organisms were sampled on 25
mm nucleopore filters with a pore size of 0.4 pm for
4 hours at a sampling rate of 1.5 ¥min. The total con-
centrations of airborne mould and bacteria were de-
termined by the CAMNEA method, which utilises
staining with acridine orange and epifluorescence
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microscopy. This method gives an estimate of the
rotal number of fungous particles in the air sample
thar is similar to those yielded by scanning eleciron
microscopy or light microscopy.

Viable mould and bacreria were determined by in-
cubation on two different media. In 1993 we also
measured cat, dog and mite allergens in settled dust
Sertled dust was collected by a 400 W vacuum cleaner
provided with a special dust collector from ALK Lab-
oratories (Copenhapen, Denmark} containing a Mil-
lipore filter {pore size 6 um). Each classroom was vac-
uumed for 4 minutes, equally divided becween desks,
chairs and floor. After passing through a sieve con-
taining a filter with a porosity of 300 jum, the amount
of fine dust was derermined by weighing the filters.
Cat {Fel d 1), dog (Can f 1}, and mite (Der p 1 and Der
f 1) allergens were quantified by 2 monoclonal anti-
body ELISA from ALK Laboratories 812 The amounts
of cat and dog allergens were calculated both as np/g
fine dust and as ng/sample.

Statistical methods

The relationships berween the incidence of asthma di-
agnosis and allergies and the school environment
were analysed by means of multiple logistic regres-
sion using the SPIDA statistical package 3 In the lo-
gistic models pupils who already had the condition
under study were excluded {ic., children diagnosed
with asthma during the follow-up period were com-
pared with children who had ever had an asthma di-
agnosis). In the analyses we adjusted for the possible
impact of age, sex, history of atopy in 1993, and for
changes in the pupils’ own smoking habits during
the study period. Regression diagnostics available in
the SPIDA package were used to test for colinearivy
between the independent factors.

Differences berween groups were analysed by the
x* test, In all the stacistical analyses, rwo-railed rests
and a significance level of 5% were used.

RESULTS

Population

in 1993, the questionnaire was mailed to 2034 pupils;
1732 completed forms {85%) were returned. In 1997,
the guestionnaire was again sent to the 1993 resporn-
dents, and 1347 (78%) participared in the follow-up
In total, 66% of those invited in 1993 answered the
questionnaire on both occasions. Those who partici-
pated also in the follow-up study did not differ in 1993
with respect to age, sex, history of atopy, asthma, pol-
len or pet allergy or smoking habits from those who
did not participate again. Of the respondents, 48%
were boys and 52% were girls. The mean age was
10.3 years in 1993 and 14 .3 years in 1997. A history
of atopy was reported by 34% of the pupils in 1993
At that time, 56% kept some type of furry domestic
pet, 11% had both a cat and a dog, 23% had cnly a

cat, 14% only a dog, and 8% only some other furry
pet. Four years later the figures were similar. In 13597,
34% of the pupils were still attending the schoeol in
which the measurements of pollutants had been
made. Most of the other 66% had left their school in
June 1995, when the school year ended.

Health outcomes

In 1993, 6.6% of the 1347 pupils had already had
asthma diagnosed by a physician, leaving a population
of 1258 non-asthmatic children at risk of being diag-
nosed with asthma. The 4-year incidence of physician-
diagnosed asthma was 4.5% (n = 56). Of these, 73%
had their first asthma symptoms after they started in
the investigated school, 12% had had their first
asthma artack before school age, and for 15% this in-
formation was missing. The incidence of asthma diag-
nosis was higher in girls and in children with a history
of atopy in 1993. Among those who were diagnosed
with asthma after the 1993 study, 22 (39%) did not
have a history of atopy in 1993

There was no significant difference in age between
pupils who developed asthma during the follow-up
period and those who did nor. Owning a car was
more common among those who were not diagnosed
with asthma than among those who were, bur owning
a dog was equally common in the two groups. There
was no significant relationship between being diag-
nosed with asthma and the size of the household,
rural or urban environment, or domestic exposures
such as rype of domestic building, occurrence of envi-
ronmental tobacco smoke, signs of building damp-
ness, textile wall-to-wall carpets or recent indoor
painting.

In 1993, pollen and per allergies were reported by
9.8% and 8.2% of pupils, respectively, and the popu-
lation at risk was 1196 and 1215. The 4-year inci-
dence of self-reported pollen or per allergy was 7.4%
and 4.1%, respectively, with total numbers of 88 and
50 new cases. New self-reported allergy was more
common in those with a history of atopy bur was not
refated to sex or age. New pollen allergy was more
common if the pupil did not keep a car, but was not
significantly related to keeping a dog. New furry per
allergy was not related to keeping a cat or dog, but
was less common in those living in a rural environ-
ment or in a detached house. Neither new pollen nor
pet allergy was related to size of the household, oc-
currence of environmental tobacco smoke, signs of
building dampness, textile wall-to-wall carpets or re-
cent indoor painting in the home. Incidence rates are
given in Table 1

The school environment

The mean year of construction of the school buildings
was 1960. There were no textile wall-to-wall carpets
in any classroom. Visible moisture damage, mouldy
odour or other signs of building dampness were
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Table 1 Four-year incidence {%) of asthma diagnosis and self-reported poilen and pet allergy*
Sex History of atopy 1993 Cat owner 1993 Dog owner 1953
Girl Boy P value Yes No P valug Yes No Pvalug Yes No Fvalue
Asthma 61 27 0004 84 26 <0 001 26 55 0020 45 44 0 968
Pollen allergy 82 65 0 268 160 42 <0 01 43 B8 0005 52 79 0115
Pet allergy 35 48 Q267 g8 21 <0.001 34 45 G 356 28 45 0192

* Sitlerences between the groups analysed by 7 test

found in 17% of the classrooms. Both dog and cat al-
lergens were found in all bur three schools. In one
school only dog allergen was found, in another only
cat allergen, and in one school neither dog nor car al-
lergen was found. Mite allergens were found in one
school only, ar low concentrations. The mean of the
measurements taken in 1993 and 1995 for the differ-
ent pollutants are given in Table 2.

Incidence of asthma diagnosis and seif-reported
allergy in relation to the school environment

The incidence of asthma diagnosis was higher in pupils
who had atended 2 school with more settled dust in
the classroom and with a larger total amount of cat
allergen (ng Fel d 1} in the settled dust samples {Table 3).
The relationship berween the incidence of asthma di-
agnosis and the amount of car allergen (ng/sample) at
school was significant even when adjustment was
made for own cat ownership (OR = 1.4, 95% confi-
dence interval [CI] 1.1-1.9, P = §.023}. The concen-
sration of cat allergen {ng/p) in the dust was not, how-
ever, significantly related to the incidence of asthma
diagnosis. New self-reported furry pet allergy was
more common among pupils who had artended a
school with more respirable particles in the classroom
air. We found no significant relationship between the
incidence of self-reported pollen allergy and any of
the measured pollutants in the school environment.
Finally, we found no significant relationship between

the incidence of asthma diagnosis or self-reported pet
allergy and total VOC, viable moulds and bacteria in
the air or dog allergen in settled dust. As mites were
found in one school only it was not possible to study
the effects of this exposure.

When stratifying for a history of atopy in 1993, we
found different relationships for atopic and non-
atopic pupils. The relationship between the incidence
of asthma diagnosis and the amount of settled dust
was significant only for pupils with a history of atopy
in 1993. Furthermore, in these pupils the relative risk
of being diagnosed with asthma was 2.2 if attending a
school with cat allergen levels above, compared to
those in schools with cat allergen levels below, the me-
dian value. Among those without a history of atopy in
1593, new onset of physician-diagnosed asthma was
more common at higher concentrations of formalde-
hyde and total moulds in the classroom air {Table 4).

Among subjects who were still attending the same
school at the follow-up, the results were similar as for
the whole study group as regards car allergen, mould
and formaldehyde. Settled and respirable dust were
significant factors mainly among those who were not
still at the same school.

DISCUSSION

As expected, during the 4-year follow-up period there
was an increase in the number of pupils who had ever

Table 2 Poliutants in classrooms, mean of values obtained in 1993 and 1995

AM {min-rmax) GM(G5D)
Airborne pofiutants
Formaldehyde (ng/m3) 8 {<5-72) 4 (@23
Volatile organic compounds {g/m3)* 88 (10-649) 25 (23)
Respirable particles (pg/m3) 16 (6-60) 15 (14)
Viable bacteria (162 cfu/m3) 073 (005%18) 046 (2 0}
Total bacteria (103/m3) 42 {5-734) 25 (19
Viable moulds {103 cfu/m?) 0 2% (0 05-4.5) 021017
Total moulds {10%/m3} 26 {5-380) 18 {16
Settled dust poflutants
Cat allergen (ng/classroom sample)t 12 {<1-36) 8 (26)
Cat ailergen (ng/g dust)yt 130 («<20~390) 120 (19
Dog allergen (ng/classroom sample)t 48 {<3-286) 34 (25
Dog allergen (ng/g dust) 640  {<B0-3930) 450 {24}
Settled dust (mg/classroom sample) 170 (30-370} 140 (19)

AM = Atithmetic mean; GM = Geometric mean; G5D = Geobmetric mean standard deviation

* Toal concentration of compounds Ce-Csy
t Measured ondy in 1993
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Table 3 Odds ratios (with 85% confidence imtervals} for incidence of asthma diagnosis and seif-reported allergy during & 4-year

period, in refation to selected pollutants in classrooms*

Tolal amount Concentration Respirable Total

of cat allergen? of cat aliergen? Setsied dusts particies? Formaidehyde** moulds
Asthma 14{102-1 o) 13(08-20; 14(1.01-2 03¢ 097 (0.5-1.8) 12(08-1.7) 1 3{0.5-3.6)
Polien aliargy 09{07-11) 09(07-13) 0 85{0.7-1.3) 68513 13(095-1.7) 095(0.4-2.1)
Pet allergy 1140815 09(06~1 3} 11(07-186) 18(103-3.1) 11(07-17) 09(03-25)

* Anatysed by muttiple logistic regression with adjustrents for sex, age, history of atopy and smoking

*Odds ratio per 10 ng increase in amount of cat altergen in dassroom samples
* Odds ratio per 100 ng increase in cat allergen concentration in coliected dust
Y Odds ratio per 50 my increase in settled dust in classroom samples

S0dds ratio per 10 pg increase in respirable particles in classroom air

** Odds ratio per 10 g increase in formaldehyde in classroom air

1 Qdds ratio per 10 {old incrense in total moulds in dassroom air

" Pyslue <G 05

had physician-diagnosed asthma and in reports on al-
lergy. However, this increase was greater in those who
had attended a schoo! with more particulates and
more cat allergen. In pupils withour a previous his-
tory of immediate type allergy, new onser of asthma
was related o higher concentrations of formaldehyde
and total moulds in classroom air.

Information on physician-diagnosed asthma and self-
reported allergy was gathered by means of a postal
questionnaire. We chose to study the incidence of
asthma diagnosis rather than the incidence of symp-
toms because questions on respiratory symptoms
have a much lower specificity,™ and in an eriological
study like this high specificity is more important than
high sensitivity. A previous validation study, in which
the gold standard was a physician’s assessment made
on the basis of a structured interview, found question-
naire self-reported physician-diagnosed asthma to
have a specificity of more than 99%, and a sensiriviry
of 73%.15 Validation studies on self-reported ques-
tionnaire data on pollen allergy, hay fever or allergy to
domestic pers have found a high specificity of 94-96%,
but a lower sensitivity of 29-54% when validated
against skin prick tests.’¢7 We do not have informa-
tion on who, pupil or parent, filled in the question-
naires. However, the method of addressing question-
naires directly to older children and to the parents in
the case of younger children has been widely used be-
fore, such as in the ISAAC srudies.t® We therefore

think that our data on physician-diagnosed asthma
and self-reported allergy has sufficient validity.

The guestions on the home environment have been
used by our group in many years of research on
health effects of indoor environments, and validation
studies have shown good agreement berween the sub-
jects' reports of building dampness and observations
made by an independent observer As the schools as
well as the classrooms were randomly chosen, there
should be no selection bias regarding the characteris-
tics of the investigared classrooms, and day-to-day
variations of exposure would most probably leadto a
non-differential misclassification.

There is a lack of standardisation of methods for
exposure measurements, but we chose methods that
were suitable for performing during school lessons
and/or that were relatively commonly used. Building
characteristics and measured levels of pollutanes were
comparable with those noted in other school studies 34
The 4-year observation period meant thar abour two-
thirds of the pupils had left the school in which the
exposure measurements were made about 18 months
before the follow-up. This would have been a major
problem if studying present symptoms, but is less
problematic when studying the onset of a new diag-
nosis of asthma or allergy. In this study, the exposure
situation some time before the diagnosis shounld be
relevant. The development of allergies and asthma
may take some time, and the physician’s diagnosis of

Table 4  Odds ratios (with 95% confidence intervals) for incidence of asthma diagnosis during a 4-year pericad. in refation

1o selected poiflutants and stratified for atopy™

Total amount Concentration Respirable

of cat aliergen? of cat allergen® Settled dust! particlest Formaidehyde** Total moulds!t
Atopy 14(09-22) 12{07-22) 16(11-27) 102{0.5-1.1) 06{03-13; 04(01-1.8)
No atopy 14(09-21) 15(09-25) 12(67-20) 09(04-22) 17{11-26) 471218 4)%

* Analysed by mulitiple logistic regression with zdjustments for sex, age and smoking

' Odds ratio per 10 ng increase in amount of cat allergen in classroom samples
*Qgds ratio per 100 ag increase in cat allergen concentsation in coliected dust
s 0ddds ratio per 50 mg increase in settled dust in classroom samples

S Odds ratio per 19 kg ingrease in respirable particles in classroem air

*« Ogdds ratio per 19 pg increase in formaldelyde in classroom air

"1 Odds ratip per 10 fold increase in total moulds in classropm air

" Pvalue <G 05
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asthma is often made years after the first manifesta-
tion of symptoms.?

While performing as many statissical analyses
there is a risk of mass significance. However, the main
results were significant, both in the crude and ad-
justed analyses, and in our opinion they are biologi-
cally plausible. The results are also consistent with
previous cross-sectional studies. 612 Thus, our conclu-
sion is that the results were not seriously biased by se-
lection or response errors, or an effect of chance.

We found that the 4-year incidence of asthma diag-
nosis was 4.5% among these schoolchildren, which
would correspond o an annual average of 1.1%, and
the majority of those who were diagnosed with
asthma reported no respiratory symptoms before
starting school. In Swedish teenagers the annual inci-
dence of physician-diagnosed asthma was 0.8% 2 in
German children without asthma-like symptoms at
the age of 7, the annual incidence of symptoms was
2.4% until the age of 10.2! These data suggest that
fate onset asthma in schoolchildren is not uncommon.

Incidence of asthma diagnosis was related to a his-
tory of atopy, and was also more commen in girls.
This is in accordance with previous reports.?? The
role of per keeping in relation to development of al-
lergy and asthma has been discussed 232 We found
that the incidence of asthma diagnosis and self-
reported pollen allergy was less common among those
keeping a cat at the beginning of the study period. It
is possible that this result is due ro selection effects,
with health-motivated avoidance of pets among those
prone to developing allergies. We did not find any re-
lationships between the incidence of any of the studied
outcomes and other exposures at home. However,
this study was not primarily designed to investigate
such relationships.

To our knowledge this is the first longitudinal
study in which & relationship berween incidence of
asthma diagnosis and car allergen at school has been
demonstrated. The selection effects mentioned above
are less likely to occur in relation to allergen exposure
in the school environment. Pet allergens at schoo] can
be related to the number of per owners in class,® as
well as to the amount of furniture and textiles in the
room.25 Still, the amount of car allergen at school
could be related to the pupil’s total exposure to car
allergen—at schoal, in the pupii’s own home and in the
homes of playmates. However, the refationship be-
rween cat allergen at school and incidence of asthina di-
agnosis was present also in the subset of pupils who did
not themselves keep a car, and others have shown that
asthma symptoms worsened afrer indirect exposure to
cats at school ? In several other studies,®12 the concen-
wation of allergens in the collected dust has been used
a risk indicator for allergen exposure, but the concen-
rration of allergens in dust decreases if the dust is di-
Juted with other types of particles. Qur results sup-
port the view that the total amount of allergen per

sample is a better risk indicator than the allerpen con-
centration in dust, if the dust is collected by vacaum
cleaning performed using a standardised procedure.

Dust was found ro be an imporrant factor in the
school environment. Incidence of asthma diagnosis
was more common in schools with more settled dust,
and new self-reported pet allergy was related to higher
levels of airborne respirable particles. Airborne parti-
cles in classrooms may emanate from settled dust,?6
containing allergens.2? Respiratory effects, recorded as
decreased nasal patency and higher concentrations of
eosinophilic cationic protein {ECP) in nasal lavage
fluid, have been found among the staff of schools
with more settled dust and less cleaning 28 Dust was
most important for those who were not still areending
the same school at the follow-up. These pupils were
older, and the resulrs may reflect an increasing sensi-
tivity towards unspecific pollutants with age.

When the pupils without a history of atopy were
analysed separately, an increase in the incidence of
asthma diagnosis was found in refation to higher con-
centrations of formaldehyde and total moulds in the
classroom air. Similar results were obtained in other
studies among schoolchildren in Northern Sweden,
where 50% of all asthmatic children did not have IgE
mediated allergy? and environmental factors were
found to be more important for non-atopic asthmat-
ics. 1 Among adulrs, high exposure to total airborne
fungi was associated with increased bronchial hyper-
reactivity, but with a lower risk of being sensitised.??

We found a relationship between formaldehyde in
schools and the incidence of asthma diagnosis, de-
spite low concentrations (<5-72 pg/m?3). From an-
other study in schoolchildren, it was reported that
formaldehyde might trigger specific IgE production.3®
A decrease in nasal patency and an increase in ECP
and lysozyme in nasal lavage fluid were found among
school personnel working in classrooms with more
formaldehyde 3! The formaldehyde concentrarion in
the home was found to be related to increased vari-
ability in the peak expiratory flow rate.3 The mecha-
nisms underlying the effects of formaldehyde remain
unclear, but could be adjuvant or other immunologi-
cal effects, such as eosinophilic activation. !

In addition, we found a relationship berween the
incidence of asthma diagnosis and total indoor mould
concentration. In previous cross-sectional studies, an
increase in asthma symproms was found among
adults in dwellings with higher concentrations of rotal
moulds,?¥ and decreased nasal patency was observed
in school personnel working in schools with more to-
tal moulds in the classroom aied Qur results are in
agreement with previous studies suggesting that mould
exposure in the indoor environment may influence res-
piratory disorders? and airway inflammation.?

However, the biological mechanisms berween a
possible interaction between asthma and allergy and
effects of factors in the school environment ocher





1065

Asthraa, allergy and the school environment

than car allergen still need to be explored in further,
more detailed, studies.

CONCLUSIONS

A school environment with more duss, car allergen,
formaldehyde and moulds may affect the incidence of
asthma and sensitivity to furry pets in schoolchildren.
The results support the view thar there is a need ro im-
prove the indoor environment in schools and 1o eval-
uate which measures are cffective in reducing school
exposure and symptoms in the pupils.
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RESUME

CADRE: La qualité de Pair & Pintéricur des écoles est
souvent piétre et Fon se fait de plus en plus de soucis
concernant son impact sur la santé des éléves.
osJECTIF: Etudier Iincidence du diagnostic d’asthme ot
d’allergic auto-rapportée chez les enfants des écoles en
relation avec 'environnement scolaire.

sCHEMA : On a colligé dans 39 écoles choisies au hasard
les données concernant Pasthme et les allergies grace a
un questionnaire postal auguel ont répondu en 1993 et
1997 1.347 (78%) ¢leves {agés initialement de 7 & 13
ans). La présence de polluants internes a été mesurée
dans enviren 100 classes en 1993 et 1995, On a édié
par régression logistique multiple les relations entre les
polluants internes et Pincidence du diagnostic d’asthme
et des allerpics auto-rapportées aprés ajusternent pour
Page, le sexe, 'atopie et le tabagisme.

RESULTATS: L'incidence du diagnostic d'asthme est
plus &levée chez les enfants fréquentant les écoles ol la
quantité de poussitre sédimentée et la présence d'al-
lergénes de chat {Fel d 1) dans ces poussiéres étaient plus
élevées, Dlincidence d'une allergic auto-rapportéc &
I'égard d’animaux & fourrure était plus élevée dans les
écoles ou le nombre de particules respirables était plus
grand. Parmi les enfants sans antécédent d'atopie, un
nouvean dingnostic d'asthme éit plus cowrant en
présence de concentrations plus élevées de formaldéhyde
et de moisissures totales dans I’air de la classe.
CONCLUSION : Un environnement scolaire comportant
plus de poussiére, d'allergénes de chat, de formaldéhyde
et de moisissures peut influencer l'incidence de Pasthme
ainsi que la sensibilité a I"égard des animaux familiers 2
fourrure parmi les enfants des écoles.

RESUMEN

MARCO DE REFERENCIA: En las escuelas, a menudo
existe una mala calidad del aire interior y su impacto en
la salud de los alumnos es una preocupacion creciente.
OBJETIVO : Estudiar la incidencia del diagnéstico de
asma y de estados alérgicos en los alumnos, en relacién
con ¢l ambiente escolar,

METODO : Se coleccionaron datos sobre asma y estados
alérgicos a través de un cucstionario postal contestado
entre 1993 y 1997 por 1.347 alumnos (78%) (de 7 a 13
afios de edad al inicio} en 39 cscuelas elegidas al azar.
L os contaminantes internos se midieron en alrededor de
100 aulas cn 1993 y 1995, Se estudiaron las relaciones
entre contaminantes internos v la incidencia de asma y
estados alérgicos por métodos de regresion logistica mihi-
ple, de acuerdo con la edad, sexo, atopia y tabaquismo.

RESULTADOS: Laincidencia de asma fue mis alta en los
alumnos que concurrian a escuclas con mas polvo sedi-
mentade y con mas alergenos de gato (Fel d 1) en el aire.
La incidencia de alergias, auto-referidas, a los animales
con pelaje fuc mas alta en las escuclas con mas particulas
respirables. Entre los nifios sin historia de atopia el diag-
néstico de asma fue mas comin con las mayores concen-
traciones de formaldehido y de hongos totales en ol aire
del aula.

CONCLUSION: Un ambicnte escolar con mds polvo,
alergenos de gato, formaldechido y hongos pueden afec-
tar fa incidencia de asma y de la sensibilidad a los ani-
males con pelaje.
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Asthma among secondary schoolchildren in relation to the

school environment

G. SMEDIJE, D. NORBACK and C. EDLING

Department of Occupational and Environmental Medicine, University Hospital. Uppsala, Sweden

Summary

Background Poor indoor air guality has been suggested to be related to the increase in the
prevalence of asthma that has occurred in the western world, especially among children and
young persons. Apart from the home, school is the most imporiant indoer environment for
children.

Objectives  The aims were to study the prevalence of current asthma among secondary
pupils and its relationship to the school environment, but also to personal factors and
domestic exposures.

Methods  Data on asthmatic symptoms, other health aspects, and domestic exposures were
gathered using a questionnaire which was sent to 762 pupils in the seventh form (13-14
years old) in 11 randomly chosen schools in the county of Uppsala in Sweden. Pupils
answering ‘yes' to having had asthrma diagnosed by a physician, and having had recent
asthma attacks, or who used asthma medication were defined as having current asthma. Data
on exposures at school were gathered by measurements in 28 classrooms. The refationship
between asthma and exposures was analysed by multiple logistic regression.

Results  The gquestionnaire was completed by 627 (82%). Current asthma was found
among 40 pupils (6 4%). Current asthma was more common in those who had an atopic
disposition, or food allergy, or who had attended a day care centre for several years.
Controlling for these factors, current asthma was related to several factors in the school
environment. There were more pupils with current asthma in schools that were larger, had
more open shelves, lower room temperature, higher relative air humidity, higher concen-
trations of formaldehyde or other volatile erganic compounds, viable moulds or bacteria or
more cat allergen in the settled dust

Conciusions Although the pupils attended school for a minor part of their time, our study
indicates that the quality of the school environment is of importance and may affect
asthmatic symptoms.

Keywords. asthma, secondary school pupils, school environment, shelf factor, micro-
organisms, cat allergen

Clinical and Experimental Allergy, Vol 27, pp. 12701278 Submitted 17 July 1996;
revised 12 October 1996; accepted 7 February 1997

Introduction

In the last few decades the prevalence of asthma has
increased in the western world, especially among children
and young persons [1,2]. A number of causes have been
proposed for this increase including changes in the standard

Cosrespondence: G Smedje. Department of Occupationaf and Enviran-
mentdl Medicine, University Hospital, 5-751 85 Uppsala. Sweden
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of living, fewer infections during early childhood, exposure
to cigarette smoke and other irritants and allerpens outdoors
and indoors {1,3-6], damp housing and the presence of
moulds in the home [7]. Despite this, the actiology of
asthma is stili not sufficiently well understood.

Apart from the home, school is the most important indoor
environment for children aged 616 and there is growing
concern in Sweden about the impact on health of the school
environment. Poor indoor air guality in schools may be

© 1997 Blackwelf Seience Lid
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related to the increase in allergic conditions [8] but few
studies kave been published on this subject. Although pets
are not supposed to be present at school, pet owners carry
pet dander in their hair and clothes and it has been shown
that the amount of pet allergen in Swedish schools is high
enough to cause symptoms in children with asthma [9].
Pulmonary function was impaired and lower respiratory
symptoms exacerbated among personnel working in a
schoel in which micro-organisms were found fo be growing
{10]. Other studies have shown that the air exchange rate is
low, resulting in high concentrations of carbon dioxide
(CO2) and that the concentrations of both airborne and
dustbound fungi are higher in classrooms than in offices
f11,12] Pollution from materials in the classroom and from
the ventilation systemn, in mechanically ventilated schools,
contributed more to the perceived pollution level than the
occupants {13]. Finally, exposure to volatile organic com-
pounds and fleccy materials in classrooms was related to an
increase in complaints about health and poor indoor air
guality among scheol personnel [14,15].

Most studies on the school environment do not deal with
asthmatic symptoms, however, and most studics refating
asthrratic symptoms to the cnvironment deal with the
domestic environment, not that of schools.

In the Swedish School Environment Project we have
undertaken a number of studies of asthmatic and sick
building symptoms ameng school personnel and pupils
and have related these to the school environment. in this
paper we present results concerning asthmatic symptoms
among secondary schoolchildren in the seventh form (13-
14 years old). The aims of the study were: to study the
prevalence of asthmatic symptoms among 7th form pupils;
and to relate these symptoms to the school environment,
personal factors and domestic exposures.

As a working hypothesis it was assumed that asthmatic
symptoms were related to different characteristics of the
schoo! building, the fttings and furniture, polintants in
the classroom air, psychosocial factors in the school
environment and personal factors and exposures in the
home.

Materinl and methods

The study population

In Sweden there are nine forms in the compulsory school
system and the vast majority of Swedish children attend
state schools. In the county of Uppsala in 1992 there were
== 130 such schools of which 39 were randomly chosen for
our studies. Of these 39, 11 were secondary schools (ie
comprising the three highest forms). The headmasters of the
secondary schools were asked if they wished their school to
participate and all agreed to do so. Two of the schools were

in Uppsala (117 000 inhabitants), one in the town of Enkép-
ing {19000 inhabitants) and the others in minor commu-
nities; each school had between 350 and 600 pupils. For
each school, three classes in the seventh form were ran-
domly chosen, except for one where there only were two
classes in this form.

Information from the pupils

Recording of symptoms was made by means of a standard-
ized self-administered questionnaire mailed in January/
February 1993 to the 762 pupils in the chosen classes at
their home address.

The questionnaire contained a number of questions relat-
ing to asthmatic symptoms slightly amended from those in
the questionnaire used in the European Community Respira-
tory health survey {16]. Tius, questions concerning persist-
ent cough, wheeze or shortness of breath during the past 12
months were replaced by those asking about recurrent
sympioms. For our analysis, however, it was important to
identify those pupils who currently had asthma and exclude
those with past symptoms only. We defined current asthma
in a pupil if he or she reported that they had ever had asthma
diagnosed by a physician, and also gave a positive response
to at feast one of the questions concerning the current use of
asthmatic drugs, having had asthmatic attacks, attacks of
shortness of breath at night or after exercise during the past
12 months, or recwrrent symptoms during the time that they
had attended the present school.

The questionnaire also requested information on concur-
rent diseases and symptoms, including number of respira-
tory infections during the past 3 months, on the composition
of the family, smoking habits, and included some questions
about domestic exposures such as environmental tobacco
smolke and dampness in the home as well as day-care centre
attendance during early childhood. There were alse ques-
tions on three different aspects of the psychosocial environ-
ment at school; general satisfaction, siress, and degree of
co-operation. Eich of these questions censisted of an
analopue rating scale of 10cm length, measuring from
0 {minimum of the psychosocial condition) to 1 (maximum),
where the subjects could freely mark their answer at will
These scales had been used previously [14].

Assessment of exposure

During the spring of 1993 exposure measurements were
performed in the schools. In each school we chose 2-3
classrooms used frequently by the seclected classes and
located in the different buildings; a total of 28 classrooms
was investigated Trained occupational hygienists inspected
the buildings and noted details of their construction, build-
ing materials, cquipment such as type of ventilation system,

© 1997 Blackwell Science Lid, Clinfcal and Experimental Allergy, 27, 12761278
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room size and presence of open shelves and fabrics, smells
and signs of damp in the structure As in the Danish Town

Hall study [17], we calculated the shelf factor (Iength of

open shelves in relation to room volume) and fleece fictor
(m* of fabrics in relation to room volume) and the cleaning
staff were asked about the cleaning routines.

In each classroom we measured the air exchange rate, the
temperature, relative humidity and the levels of respirable
dust, CO;, formaldehyde, the sum of volatile organic
compounds (VOC), meoulds, bacteria, nitrogen dioxide
(NO,) in the air, and the concentrations of endotoxin and
cat, dog and mite allergens in the settled dust.

Room temperature and air humidity were recorded with
an Assman psychrometer. Respirable dust and CO; were
recorded by direct reading instruments (Sibata P-5H2 and
Riken RI 411-A), respectively. The Sibata was calibrated at
the factory (Sibata Scientific Technology Ltd) and the Riken
in our department. Temperature, humidity, dust and CO,
were measured twice in each classroom, the dust and CO, as
average values during the iast 15 min of the lessons

Formaldehyde concentrations were measured with glass
fibre filters imprepnated with 2,4-dinitro-phenylhydrazine
using a pump and a sampling rate of 0 2 L/min for4 h The
filters were analysed by liquid chromatography VOC were
sampled on beaded charcoal sorbent tubes (SKC Anasorb
747} with the same sampling rate and time as for formaide-

hyde. The charcoal tubes were desorbed with one mi of

carbon disulphide and analysed by gas chromatography and
mass spectrometry . Fourteen common VOC were identified
and guantified using external standard techriques and selec-
tive ion monitoring (SIM). VOC were also sampled by a
charcoal diffusion sampler (ORSA 5) placed in the class-
room for 6-7 days. The charcoal was desorbed with two mL.
of carbon disulphide and then analysed in the same way as
the pumped samples. Airborne micro-organisms were
sampled on 25 mm nucleopore filters with a pore size of
04 pm and a sampling rate of 1.5L/min for 4 h. The total
concentration of airborne micro-organisms was determined
through epifluorescence microscopy [18]. Viabie moulds
and bacteria were determined by incubation on two different
media. The detection limit of viable organisms was 30
colony forming units (cfu) per m* of air. The sampling
was stationary with the tubes and filters placed at about
0.9m above the ficor NO: was sampled with a passive
sampling badge obtained from Toyo Roshi Kaisha Lid,
Tokyo, Japan, alse placed in the classtoom for 6-7 days
and then analysed by liquid chromatography using an over-
all mass transfer coefficient of 0. 10cm/s {19}

Settled dust was collected from desks, chairs and floor by
a 400W vacuum cleaner provided with & special dust
cotlector from ALK Laboratorics, Copenhagen, containing
a Millipore filter (pore size 6 pm). After passing through a
sieve containing a filter with 4 porosity of 300um, the

amount of fine dust was determined by weighing the filters.
Cat (Fei d |} and dog (Can { [} allergens were quantified with
an cnzyme-linked immunosorbent assay using monoclonal
antibodies {9] The content of the major mite allergens in the
dust was alse determined by enzyme immunoassay [20] and
by the semiguantative Acarex test [21] Endotoxin was
analysed using the Limulus Amebocyte Lysate test [22]

General and local air exchange rates were measured by a
tracer gas decay method nsing acetone as the tracer pas {231
Based on the air exchange rate and the room valume the
supply air rate was caleuiated

The measurements were made during normal schooldays
and under represcntative conditions. If the windows were
usuilly kept open during lessons, they were also kept open
when these measurements were made. When measuring the
rate of air exchange, however, the windows and doors were
all closed.

Statistical methods

Analysis of the relationships between asthmatic symptoms,
questionnaire data and measwred exposures were under-
taken with multivariate methods. Multiple logistic regres-
sion analysis was performed in several steps using the
SPIDA statistical package [24]. Regression diagnostics
available in the SPIDA package were used to test for
collincarity

As u first step, all the questionnaire data were forced into
the model. Non-significant factors were exciuded in the
second step and in the third, all the school exposure
variables were forced into the model one by one. For the
total number of moulds and bacteria logarithmic transfor-
mations of the raw dita were used. All significant school
exposure factors were continuous variables so the estimated
odds ratios depended on how the exposures were entered
into the model and the units of these variables. This should
be handled by choosing any reasonable value that pive a
clear indication of how the risk of the outcome changes with
the variable [25]. We chose to calculate the odds ratios for
changes of the exposure variables by muitiples of 1, 10, 100
or 1000, dependent on the range of the measured values. For
instance, the range of the measured levels of viable moulds
in the different schools was 100-4500 cfw/m®, and we choge
to caleulate the odds ratio for each increase of viable moulds
by 1000 cfu/m® The range of the relative humidity was 22—
61%, wd we caiculated the odds ratio for each increase of
the relative humidity by 10%.

In ordes to detect non-tinear exposure—response refation-
ships, the relation to current asthma was analysed for each
degree of room temperature and litre of supply air/person.

Relations between different exposure variables were
anatyscd by lincar regression. In all the statistical analyses,
two tailed tests and a siprificance level of 5% were used.

@ 1997 Blackwell Science Ltd, Clinica! and Experimental Allergy, 27, 1270-1278
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Table 1. Personal factors, domestic exposures and other charac-
teristics of 627 pupils aged 13-14 years

Table 2. Prevalence of asthmalic symptoms among 627 secondary
schoo! pupils aged 13-14 years

i Y n %
Gender, girls 327 52 Recurrent episodes with persistent cough 60 896
boys 300 48 Recurrent episodes with persistent wheeze 28 4.5
Atopy* 212 34 Recurrent episodes with shortness of breath 38 61
Hay fever 61 10 Ever had asthma 50 80
Pet allerpy 6 10 Ever had astina diagnosed by a physician 48 77
Childhood eczema 159 25 Astlunatic attack during the past 12 months 9 30
Food allergy 37 6 Current use of asthma medication 25 40
Smoker 17 3 Shoniness of breath after excercise
Size of houschold, 23 pessons 131 22 during the past 12 months 33 53
4 persons 222 37 Nocturmal shortness of breath
5 persons 166 28 during the past 12 mosnths It 1.8
6-8 persons 79 13 Cusrent asthma* 40 64
Pay care centre attendance, nover 367 59
<1 year 23 4 . . "
i-3 year 90 14 Ever had ;}s;la‘mn dmgnﬂ'scd by a physician p%t.xs current use of
>3 year 140 23 asthma medication or having had recent asthmatic symptoms.
Home buiit after 1974 310 50
Detached/semi detached domestic house 483 77 environment at school, general satisfaction with school
Wall to wall carpet at home 192 31 was rated as 0.73, stress at school as 0.37 and the degree
Repainting indoors past year 179 29 of co-operation as 0.68.
Damp at home 76 (2 The answers to the different guestions on asthmatic
Environmental tobacco smoke al home 253 41 symptoms are given in Table 2. Having ever had asthma
Furry peis or cage birds 399 64 )

* Having hay fever, pet aliesgy and/or ¢hildhood eczema

Results

Questionnaire data

Of the 762 subjects, 627 (82%) completed and returned the
questionnaires; the response rate was higher among girls
than boys, 86 vs 79%

Data on personal factors and domestic exposures are
given in Table I Atopy, defined as a positive response to
having had childhood eczema, hay fever or pet allergy, was
reported by 34% of the subjects Eczema alone was reported
by 18%. The most commen food allergies were o oanges,
tomatoes, shrimps, nuts, eggs and chocolate. Mean number
of respiratory infections during the past 3 months was 1,
with 9% of the pupils reporting at least three infections,
Almost all of the 3% who were smokers smoked one to
seven cigarettes daily. About 40% of the subjects had older
siblings. Cats were the most common pets, followed by
dogs, while different kinds of rodent and cage birds were
kept by & small number of subjects. Among those having
signs of damp in the home, leaks of water were the most
common cause. Mould in the home was reported by 5% On
the analogue rating scale concerning psychosocial work

diagnosed by a physician was reported by 48 (7.7%) of
subjects Of these, eight had had no symptoms since they
started at their present school and did not use medication 5o
we regarded them as having past symptoms only. Current
asthma was thus considered to be reported by 40 pupils
{6.4%) About half of these had their first asthma attack after
they had started school There was no difference in the
prevalence of asthma as between boys and girls; among
thase with current asthma 19 were boys and 21 were girls.

Building characteristics

The mean age of the school buildings was 30 years; the
oidest was built in 1925 and the newest in 1981, The number
of employees was used as a measure of the size of the
school; the mean being 75 with a range from 50 to 99. All
the schools were built of stone with two or three storeys;
half had a cellar. Mecchanical supply and exhaust air
systems, without air cooling or humidification, were found
in 20 classrooms, while four had a mechanical exhaust
system only and four had natural ventilation. The mean
air exchange rate in the classrooms was 6 9L/s p, with a
range from 0.4 to 19.0L/s p. The lowest air exchange rate
was in buildings with natural ventilation, but several of the
mechinically ventitated rooms also had a low air exchange
rate All the classrooms had hard floor coverings, mostly of
PVC or linoteum. In four classrooms there were visible
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Table 3, Exposures in 28 secondary school classrooms

Table 4. Personai factors significantly related to current asthma
among 627 secondary scheol pupils. Multiple logistic repression

Arithmetic Minimum
Exposure factor mean - Miximuen Factor Odds Ratioc  CIE (95%)  P-value
Temperature (°C) 240 21 0-2735 Atopy* 35 16-74 0001
Relative humidity (%) 37 22-6i Food alergy 53 22-1217 <0001
Carbon dioxide (ppm) 910 5501725 Day-care centre >3 years 14 1.1-19 0006
Formaldehyde {pg/m?) <5 <3~
VOC, sampled b /m*y* 23 560 . . .
Vo ;gzg]: d bz 52;‘[}:}:52;%:?@')1113)* 6 3M()}3 *Having hay fever, pet allergy andfor childhood eczema. Cl,
Nitrogen dioxide (yg/ms} 5 2. confidence intervals
Respirable dust {pg/m”) id 6--29
. : 3,3 .

Li:sz:’r;?i:a‘:]:ig;ﬁ: ]{?0/;:’1:11)3) Bg 3 3’11 3:)1 monocional antibodies, but the Acarex method showed the
Total number of moulds {10%m?) 31 8170 presence of mites in three classrooms. Cat and dog allergens
Number of viable moulds (10%m’) 0.4 0145 were found in ali the schools but one
Settled dust {mg/ciassroom) 66 18- 107
g‘“ all;!:rgen (?g;,,/g ﬁ;‘e d&“?} ;;} <ég“ggll)0 Crrrent asthima in relation to personal factors and domestic

op allergen (ng/g fine dus < 60~ . !
Endotoxin (ng/g) dust) 3 2-5 expostre

* Sum of 14 identified VOC

signs of damp. None of the schools had kerosene heating or
any other sources of indoor combustion. The mean shelf
factor was 0.03, and the mean fleece factor, §.05. In about
70% of the schools the floors were cleaned once a day witha
moistened mop, while 30% were cleaned every second day.
The desks were usuaily wiped once a week . In nearly half
the schools there were no routines for washing the curtains,
while in the others they were usually washed once a year.

Exposure measurements

The data relating to the various exposures af the schools are
given in Table 3. The mean room temperature was 24 0°C
and in aproximately a quarier of the measurements the
temperature was 25°C or more The concentration of €O,
was above 1000 ppm in 29% of the measurements In two-
thirds of the classrooms the concentration of formaldehyde
was below the detection limit of § pg/m®. By both sampling
methods toluene, n-decane and n-undecane were among the
VOC with the highest concentrations. Among the com-
pounds with the highest concentration slso were Hmonene,
when sampled by pump, and xyiene and d-carene, when
sampled by diffusion. The highest concentrations of NO,
were found in schools in the city of Uppsala. The most
common micro-organisms were Cladosporium, and Peni-
cillium which were found in 68 and 54% of the classrooms,
respectively, but a farge proportion of the moulds couid not
be identified. Allergens (Der p 1 and Der { 1) from house
dust mites were not found in any of the schools using

Current asthma was more common ameng pupils who had
an atopic disposition, food allergy or who had attended a
day care centre for more than 3 years during childhood
(Table 4) There were no significant relations between
current asthma and gender, allergy towards nickel, sumber
of recent respiratory infections, proneness to infection as a
child, number of persons in the home, number of older
siblings, smoking habits, type or age of domestic house,
passive smoking in the home, having pets, recent repainting,
signs of damp or wall-to-wall carpets at home, or psycho-
social environment at school.

Current asthima in vefation to the school environment

Cwrrent astbma wias more common among pupils who
atfended larger schools or were in classrooms with a
higher shelf factor, jower room temperature, higher relative
humidity or higher concentrations in the classroom air of
formaldehyde, VOC sampled by diffusion, viable bacteria
or moulds or more cat allergen in scttled dust {Table 35).
Using the coliincarity diagnostics in the SPIDA package it
was detected that several of the factors were correlated to
each other and it was not possible to keep all these factors in
the statistical medel at the same time Thus, for most
exposures it was not possible to control for size of the
school, except for viable mouids and bacteria where we then
found a borderline significance (P-values 0.06 and 0.07,
respectively) The shelf factor always remained significant
when tested with the other exposure factors one at a time.
No significant relations were found between current asthma
and age of the school building, type of ventilation system,
air exchange rate, COa, visible signs of building dampness,
flecce factor, respitable dust, settied dust, total moulds, total
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Table 5. School exposures significantly related to current asthma
among 627 secondary schooi pupils Multiple legistic regression,
controfling for personal lactors

Factor Odds Ratio  CI {95%)  P-value
Size of school i 6* 12-21 0001
Shelf (actor P4 12-16 <0001
Room temperature 06 04-08 0003
Relative humidity I 8% 1128 0014
Formaldehyde Pl 1.0§-12 0042
Volatile organic compoeunds P31 1.1~ 5 <0001
Viable bacteria I 48 1.1-18 0010
Viable moulds I 54 [2-19 <0001
Cat allergen [ 8y 13-24 0001

* Odds ratio expressed as change of coefficient per 10 employees;
T Odds ratio expressed as change of coefficient per 10%; 1 Odds
ratio expressed as change of coefficient per 10 pg/m®; § Odds ratio
expressed as change of coclficient per 100 organisms/m®; § Odds
ratio expressed as change of coefficient per 1000 orgasisms/m?;
% Odds ratio expressed as change of coefficient per 100 ng/p fine
dust

bacteria, VOC sampled by pump, NO,, endotoxin or deg
allergen

Discussion

We found that current asthma among sccondary school
children was related to several characteristics, and cxpo-
sures in the school environment

In this study the subjects attended randomly chosen
classes in randomly selected schools and the response rate
was 82% but there were more boys wmnong the non-repon-
ders. Asthma has beer reported to be more common among
boys {26], but this may be true only for pre-school children
and may not apply o teenage children {27] If the boys had
responsed at the same rate as the girls, 21 more would have
answered the questionnaire but this would not have affected
the results of the study in any decisive way.

The occurrence of asthmatic symptoms was determined
from the responses to a questionnaire sent directly to the
pupils’ home and addressed to the pupils We do not know
if the pupils have responded all by themselves or the exient
of the parents’ contribution. However, considering the
characters of Swedish teenagers, we think that the possible
influence of the parents would not affect the answers in a
uniform way. Symptom questionnaires have previously
been validated in children of the same ape group as in
our study. A postal questionnare plus a video tape display-
ing the different symptoms resulted in a lower prevalence
of asthmatic symptoms compared with questionnaire only

[28] suggesting that there may bave been some overreport-
ing of symptoms in ow study. However, by restricting the
definition of the outcome variable not only to having had
recent symptoms, but also to a diagnosis of asthma by a
physician, we have increased the specificity. The exposure
measurements were all carried out by professional occupa-
tional hygienists afier the questionnaires had been
answered  Thus, there should be no serious recall bias
regarding symplem reporting or exposure.

When petformiing a number of statistical tests, there is the
risk of mass significance. However, we analysed the expo-
stee variables with different definitions of the outcome
varigble, and all gave similar results, except for pupils
reporting shortness of breath afier exercise only (In the
study comparing postal questionnaires with and without
video tapes, the greatest discrepancy between the answers
concerned exercise induced shortness of breath {28] ) Thus,
we consider that the study has sufficient internal validity and
that the results are nof seriously biased

Current asthma was related to reported atopy (hay fever,
pet allerpy and childhood eczenn) and food allergy as
reported in other studies [297 Current asthma was also
related to having atiended @ day care centre for several
years Moie lower respiratory tiact disease or wheezing
bronchitis has been reported in children who attend day care
centres [30] but we have no reports to sugpest that this may
result in asthma during adolescence. In our study nene of the
socioeconomic factors that were related to day care centre
attendance were related to current asthma but since only 16
pupils with current asthma had atrended day care centres for
several years, the relationship botween current asthma and
day care may be a chance effect.

Exposuie to tebacco smoke in the home was not related to
current asthma but since we do net know the prevalence of
expasure when the sublects were small, it is possible that
passive smeking may have had an impact on the develop-
ment of asthma in some childien Current asthma was not
related to damp in the home Most studies reporting a
redation between asthma and damp in the home have dealt
with a constantly high sir humididy resulting in the growth
of mould and the occurrence of mites. In this study, only 5%
of the subjects reported the presence of mould, and the air
humidity and prevalence of mites are low at our northern
latitude so these factors may not be equally important as in
many other countrics

Curremt asthma was related to several factors in the
school environment. Many of these were interrelated but
cach significant exposure faclor seems to have some biolo-
gical retevance for the proposed effect. In Table 5 odds
ratios for the significant exposuies are given for specified
values of change of the exposure variable, but other changes
of the size of the exposure voriable would result in other
edds ratios 1f we calculate the odds mtios of having current
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asthma if attending the school with the highest exposure
compared to the lowest, the odds ratios would, c.g be 20 for
viable bacteria, il for the shelf factor and 10 for cat
altergen. This indicates that there is also a dose—response
relationship between current asthma and the signifiant
school exposures,

Pupils with current asthma were more prevalent in latget
schools. The number of contacts with other people should be

higher in a larger school. In this study, reported number of

recent respiratory infections was not significantly related to
the size of the school, in contrast to the levels of pet atlergen
and pollution. One explanation could be that in a larger
school there are more people bringing pet allergen to the
school. The size of the school may thus not be regarded as a
causative factor, but the results reflect that there were
different exposure pattemns in schools of different sizes
There were more open shelves in the farger schools Open
shelves were strongly related to higher concentritions of
VGC, viable moulds and cat allergen Thus, our results
support the assumption that open shelves act as reservoirs
for dust which may contain different kinds of allergens and
pollution [31]. There were more pupils with current asthma
in schools with lower room temperature or higher relative
humidity and asthmatics have been shown to be impaired in
cold and hwmid conditions {32].

Current asthma was more freguent among pupils exposed
to higher levels of formaldehyde or diffusion sampled
volatile organic compounds in school. Low concentrations
of VOC can influence lung function and may act as
bronchial irritants [33] In a study relating formaldehyde
concentration in the home to daily measurements of peak
expiratory flow rate (PEF), the variability of PEF were
higher among children living in houses with higher levels
of formaldehyde {34] Morcover, asthmatic sympioms were
more common among subjects living in homes with higher
concentrations of formaldehyde or VOC [35] Although the
levels of formaldehyde and VOUC in the schools were low, it
seems that sensitive individuals may still be alfected Only
VOC sampled by diffusion, and not VOC szmpled by a
pump, were related to current asthma In this study diffusion
sampling gave the average concentration of VOC during |
week, while active sampling was performed during 4h of &
school-day These two methods measure somewhat differ-
ent emissions. VOC sampled by pump during the school-
day more reflect the emissions from the subjects, while
diffusion sampled VOC are more related to exposures fom
the building, since the subjects are present for only & minor
part of the sampling time The significant relation between
diffusion sampled VOC and current asthma thus stresses the
importance of the building.

We found higher concentrations of viable bacteiia or
moulds in schools where more pupils veporied current
asthma and exposure to dampness and indoor moulds may

be a risk factor for respiratory symptoms. The biological
mechanisms that have been proposed include type 1 allergy,
and inflammatory reactions invelving endotoxin and gh-
cans [36} In a Swedish study, fungal allergy was found
armong 41% of asthmatic children, and of ali children with
fungal allergy 86% had asthma [37]. Morcover, concentra-
tions of moulds and bacteria were found to be higher in the
homes of adults with asthma-related symptoms {38]. In
schools indoor mictoorganisms come from both indoor
and outdoor sources.

Cuirent asthma was more commeon among pupils attend-
ing schools with higher levels of cat allergen. It has
previously been shown that the amount of cat allergen is
high enough to cause asthmatic symptoms in children
sensitized to cats {9] Since there was more cat allergen in
schools with a greater number of open shelves and since
normal cleaning has little effect on the amount of cat
aliergen [39], measw es to prevent asthma in school children
should include minimizing the amount of fittings and
fixtures which atteaet and retain dust,

We found no significant association between current
asthma and the level of nitrogen dioxide, type of ventilation
system or air exhange raie in school. In Sweden, exposure to
NO; is low since there are seldom any indoor combustion
sources. Also, earlier studies have concerned exposure fo
NO» at home or owtdoors The Swedish ventilation stan-
dards of 1000 ppm CO; and 7L/sp supply air were not
reached in 64% of the clussrooms. Further analysis of the
different exposures that had a significant relationship with
asthma showed that these exposures were ofien associated
with different ventilation «hnracteristics. The actiological
relationship belween current asthma and exposures in the
schoot environment is not 1eadily apparent, and is probably
related to & number of ditferent factors in the different kinds
of school

Conclusions

Althongh children attend school only a minor part of their
time, asthma symptoms are enhanced by the school envir-
onment. The school that should be recommended to sensi-
tive individuals should be =mall, the classrooms should be
furnished so that dust-binds: g fittings are minimized, the air
exchange rate should be sccording to standards, and the
school must be maintained and cleaned so that moisture
damage is avoided and allergen burden minimized.
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